Although there is convincing scientific research for the role of Indigenous fire practices in sustainable land management, Indigenous peoples' involvement in policy-making is limited. This paper presents findings from a fire management workshop where experiences and perspectives were shared among 60 academic, government, and Indigenous representatives from 27 organizations from Venezuela, Brazil, and Guyana. The data, in the form of small group discussions, participatory drawings, whole group reflections, and videos, showed that although there was general acceptance about the central role of fire in traditional Indigenous livelihoods and its importance for protecting the biological and cultural diversity of ecosystems, there were also tensions around the past imposition of a dominant fire exclusion discourse of governmental institutions in Indigenous territories. Overcoming the gaps derived from different experiences and historical worldviews, and building mutual trust and respect were the main challenges when integrating multiple perspectives through the "intercultural interface" of institutions working on environmental management and governance. The elaboration of a common declaration and next steps in the framework of a "Participatory and Intercultural Fire Management Network", created during the workshop to enhance a sustainable fire policy, revealed the conviction of working together for Indigenous fire management legitimization and strengthening from all participants of the three countries.
Introduction
Fire is a worldwide phenomenon, and despite the recent calls for global fire mapping, monitoring and modelling, [1] [2] [3] , there is also an urgent need to focus on the human dimension of fire, and how different individuals, communities, and institutions view and deal with fire. Indigenous peoples, for example, have been using fire for millennia, and there is a growing and rich literature on how they use and manage fire, from subsistence activities such as rotation farming and hunting, as well as to control the spread of wildfires. These practices represent an indispensable and sustainable livelihood tool for Indigenous communities associated with their land management and cultural manifestation [4] [5] [6] [7] [8] [9] .
There is growing scientific evidence, recognized by academic and organizational/governmental communities, and which Indigenous communities have long understood, that Indigenous practices achieve multiple objectives, such as the protection of biological and cultural diversity and helping with climate change mitigation and ecological resilience [10] [11] [12] . However, Indigenous peoples' These territories represent the home to the Pemón's Arekuna, Kamarakoto, and Taurepang Indigenous peoples from Venezuela, and the Makushi and Wapishana Indigenous peoples from Brazil and Guyana (Figure 1 ). In this environment, where more than 90% of fires are caused by humans, two different types of ecosystems coexist ( Figure 1 ): fire-dependent vegetation of grasslands and savannas, dominated by fire-adapted species; and fire-sensitive vegetation of tropical humid and gallery forests types, dominated by tree species more vulnerable to the effect of fires [19, [47] [48] [49] [50] [51] . Considering that ancient pre-Columbian human occupation of the Guiana Shield and surrounding Amazonas regions may date back as early as 11,400 to 10,000 years B.P. [52] , the local sustainable resource management and biodiversity conservation practices performed by Indigenous peoples in forest and savannas areas [10] [11] [12] 36, 50, 51, 53] during thousands of years appear to be effective for the maintenance of these coexisting ecosystems.
According to previous studies, Indigenous peoples from the Guiana Shield in Venezuela, Brazil, and Guyana have a sophisticated and controlled use of fire for agriculture, where biomass burning contributes to nutrient cycling, and soil quality and soil pH level improvement, allowing for crop sowing in forest areas. Fire has also been used by Indigenous peoples for hunting, fishing, to induce fruiting of edible wild plants, and to control high levels of savanna plant fuels, preventing the spread of wildfires into adjacent forests [4] [5] [6] [7] [8] [9] .
However, the ecological role of fire in the Guiana Shield region has been the subject of academic debate and controversy over recent years. Traditional theoretical ecological schools predict that under very wet tropical climate conditions the vegetation should be continuous forest cover, instead of the actual mosaic of coexisting forests and savannas, frequently found in this region. This has been used to support the prevailing view of fire as a threat to forest sustainability and biodiversity conservation, condemning traditional human uses of fire [13, 15, 54, 55] . This academic perspective has been used in the region to support public policies that ban the use of fire in natural ecosystems, condemning in the public eye all Indigenous burning. Thus, Pemón Indigenous people face a backlash over the fires beyond the realm of scientific debate. Non-Indigenous Venezuelans (criollos) often call them (in a prejudiced way) as "quemones", a play on words in Spanish to refer to "Pemones" (plural of Pemón) as people who burn a lot. In the same way, in Brazil the Indigenous people have been pointed out as "savage" and "tenacious incendiaries" ("selvagens" and "incendiários contumazes", in Portuguese) [55] who cause great fires. However, more recent research in Canaima National Park, Venezuela and in the savanna of Brazil reveal that Indigenous traditional fire serves as a tool to manage flammable materials and actually decreases wildfire risks [4, 5, 8, 9, 53] .
The pre-Columbian fire regimes maintained by semi-nomadic "land managers" in the savanna areas and in the rainforest borders over several millennia, experienced a dramatic change 500 years ago after European colonization, as a consequence of socio-economic and complex interlinked historical issues. Former Indigenous territories were transformed into agricultural and livestock production systems (based on monoculture crops and pastures, respectively), a process that brought about a marked decline in the natural systems [50, 56, 57] . From the time of European colonization, all agriculture and cattle ranch activities in the Amazon region and other South American lands have relied on deforestation and indiscriminate use of fire [50, 57, 58] brought by the new settlers who did not adopt the sustainable Indigenous fire practices. The most important change introduced in fire regimes were extensive late dry season (LDS) fires instead of Indigenous small patchy burns in savanna ecosystems, and the recurrence of large, high-intensity fires in woodlands areas to eliminate native vegetation and transform it into pastures and plantations [50, 57, [59] [60] [61] .
In the past century, the recurrence of large wildfires and the damage to the vulnerable ecosystems resulted in several administrative and legal actions undertaken by governments in the region, such as the creation of Protected Areas (PAs), e.g., national parks [62] , and the suppression of wildfires-a 'zero fire' (or 'zero burning') policy-aimed at conserving the diverse and singular landscape [28, 36, 57, 63] . The Environmental Penal Law in Venezuela [64] , the Forest Code in Brazil [57, 58, 63] , and the Forest Act 2009 in Guyana [6, 65] all contain elements that ban, exclude, and punish the use of fire in protected areas. The Pemón traditional Indigenous fire practices have been banned by National Institute of Parks (INPARQUES, acronym in Spanish) and National Electric Corporation CORPOELEC, acronym in Spanish), formerly Caroní Electrification C.A. (EDELCA, acronym in Spanish), the two major institutions in charge of conservation in Canaima National Park (CNP), Venezuela. The National Institute of Parks (INPARQUES) is the highest administrative authority in charge of Venezuela´s national protected areas management, while CORPOELEC-EDELCA is the national electric company that runs a long withstanding initiative for fire prevention, detection, control, and combat in CNP, aimed to protect the Upper Caroní River basin, upstream of the Guri hydroelectric generation plant that supplies 70-80% of the country's energy demand [19, 36] .
In the past, local Pemón communities have been involved in bitter conflicts with these two institutions regarding the management of their traditional lands. In recent years, Venezuela has acknowledged and legitimized new rights for Indigenous inhabitants, including the collective intellectual property rights over their traditional knowledge, technologies, and innovations [66] . This new law has actually engendered a current unresolved and ambiguous conflictive situation with the environmental legislation, although it offers opportunities to renegotiate the policies and instruments applied in PAs inhabited by Indigenous people [28, [67] [68] [69] .
In Brazil, the responsibility for the execution of plans and actions related to the impact of forest fires lies with the National Centre for Prevention and Combat of Forest Fires (Prevfogo/IBAMA). Its initial programs answered to a 'Fogo Zero' philosophy ('zero fire') and were aimed at combatting and excluding fire and to "educate" the inhabitants of the Indigenous territories about its undesirable and negative effects. With time, PREVFOGO noticed that fire suppression and firefighting strategies began to generate problems of combustible material accumulation, creating conditions for large-scale wildfires. They also observed that the increase in drought due to the presence of climate change, together with the abandonment of traditional subsistence practices of many Indigenous communities, resulted in an increased occurrence of high-intensity fires, larger affected areas, as well as greater costs for firefighting activities. Considering these experiences, the Forest Code was revised in 2012, legalizing the use of fire management for conservation purposes in PAs of fire-prone environments [57, 58, 63] .
The Cerrado-Jalapão pilot project developed by the Brazilian Government since 2014 has applied an integrated fire management (IFM) approach, based on consultation with the local community to develop calendars and prescribed early dry-season burn planning in PAs to create patchy landscapes and reduce the probability of deleterious large LDS wildfires. This IFM program represents a paradigm shift from fire suppression to fire management policy in PAs and Indigenous territories, significantly reducing the occurrence of LDS wildfires and restoring the ecological and cultural importance of fire in savanna tropical landscapes [27, 28, 58] . However, burning vegetation outside reserves is not yet legally permitted [63] and the presence of Indigenous people in PAs is also forbidden or restricted [57] . This has generated conflicts concerning the Indigenous rights of occupation in these PAs as well as the application of late burns and other traditional practices of fire and natural resource management [9, 28, 58] .
In the case of Guyana, the institutional experience regarding fire policies is very recent. In 2010, the Guyana Forestry Commission (GFC) developed the National Forest Fire Management Strategy to inform local fire policy initiatives, such as the inclusion and use of the term "forest fire management" instead of "prevention" and "detection" previously included in the Forest Act 2009, and the inclusion of the role of forest fires in shifting cultivation and agriculture. In 2012, a new Ministry of Natural Resources and Environment was established (renamed Ministry of Natural Resources in 2016), under which all natural resource agencies are managed and through which decision-making about vegetation fires issues is centralized [36, 65] .
The foregoing account illustrates some of the historical burdens over the past 500 years that have affected fire regimes and their management decisions in the region. Despite recent advances regarding the legal framework and regulations related to fire management in PAs and Indigenous lands in Venezuela, Brazil, and Guyana, the management of Indigenous fires is not yet formally or legitimately recognized in these three countries. In this sense, the 'zero fire' policy not only has excluded fire management, but has also limited the Indigenous voice and opportunities for the coexistence of different visions or platforms to exchange different points of view. According to Howitt et al. [70] , many intercultural settings are characterized by "complex legacies of social, economic and environmental injustice and involvement of multiple cultural groups", where " . . . layers of historically constructed power relations and patterns of disadvantage and advantage are deeply entrenched in social, political and economic realities on the ground" (p 126). These hierarchical dominant patterns are also found in the territories covered in this study as they underpin historical conflicts about fire use and management between local Indigenous communities and national institutions responsible for natural resource management, revealing the existence of deep tensions and conflicting worldviews [5, 27, 36, 68, 69] .
Materials and Methods
A fire management workshop involving academic, government, and Indigenous representatives from Venezuela, Brazil, and Guyana was promoted and organized by the authors; it was held in the Scientific Station Parupa (ECP, acronym in Spanish) run by the CVG (Venezuelan Corporation of Guayana), located in Gran Sabana, Canaima National Park (Figure 1 ), in the southwestern region of Bolívar State, Venezuela, from 8 to 11 July 2015. The INPARQUES (Venezuelan Parks Authority) Fire Department, the Scientific Station Parupa (ECP), and the Indigenous community of Kavanayén in the Gran Sabana, provided logistic support.
Invitations were extended to Indigenous communities and governmental and research organizations who actively participated and took part in previous long-term participative action projects and fire collective experiments promoted by the authors in the central region of the Guiana Shield region of Venezuela, Brazil and Guyana [5, 19, [25] [26] [27] [28] 36] (see also footnote 4 in Results Section). Indigenous communities and organizations belonging to: Pemón's Arekuna, Kamarakoto, and Taurepang peoples from the Gran Sabana region in Canaima National Park, Venezuela; and Makushi and Wapishana peoples from Roraima in northern Brazil and from the Rupununi region in Guyana attended this workshop. Governmental institutions in charge of fire policies and programs in Venezuela and Brazil were also invited, as well as academics from ten different universities and research institutions with previous research experience in the region, most of them from Venezuela. In total, more than 60 Indigenous, institutional, and academic representatives belonging to 27 organizations attended this meeting ( Figure 1 , see Table A1 in Appendix A).
Workshop facilitators structured the engagement and deliberations amongst participants through a systems framework for participatory learning developed for working through complex environmental decision-making dilemmas [71, 72] . The systems framework has a long history of application in different contexts where planning and managing decisions involve numerous and diverse visions and actors [73] . It uses a learning heuristic divided into four overlapping and iterative stages:
1.
Explore context and connections; 2.
Formulate systems of interest; 3.
Identify feasible and desirable changes; 4.
Take action.
In essence, the systems framework stages transition from an open, unstructured exploration of a complex situation, to gradually narrowing down the range of choices in order to carry out one or more practical interventions. The system framework is applied iteratively in that any action feeds back to expand participants' understanding of the context, to reformulate systems of interest, and to adapt the choice among feasible and desirable options. Thus, the framework acts as an ongoing process of collaborative learning amongst participants.
The systems framework was used in the workshop for the identification and analysis of the major issues related to fire management in Indigenous territories as recognized by different social actors, as well as the analysis of their views, opinions, and attitudes about these issues. This methodology suits the need to advance in fire public policy and management issues. Previous initiatives, in this sense, have proven to be of little effect and have also historically promoted social conflicts and exclusion of Indigenous people in the region, since they deny the rights of Indigenous communities to participate in the decision processes that affect their lives and their own territories. The inclusion of relevant social actors´visions is expected also to broaden the scope of possible alternatives to deal effectively with the socio-economic and environmental complexities involved with fire and burning, in the face of the challenges and risks posed by climate change scenarios in the region.
The aim of this first workshop was to facilitate the first iteration of the four system framework stages. Participants were first divided into three working group sessions focusing successively on: (1) analyzing the current situation with regards to fire management; (2) coming up with the ideal situation; and then, (3) developing an action plan to move from the current to the ideal situation. For the first activity, participants were divided into groups as follows: Indigenous Venezuela; Indigenous Brazil; Indigenous Guyana; Institutions Venezuela; Institutions Brazil; Academics Venezuela. For the second and third activities, the groups gathered participants according to their country of origin.
Each group had one or two facilitators who took notes and assisted with the discussions and activities. In addition, discussions and results presentations were audio and video recorded by Indigenous communities from the three countries ( Figure 2 ). agreements reached during the workshop were systematized and compiled in a report, which was sent to each of the participants. The contributions were included in a final version of the report 3 . This report also served as an input for this article. 
Results
The Parupa workshop offered a unique occasion for different stakeholders from the three countries to openly share their views, consider some of the current risks and threats they face, appreciate different perspectives about fire management in their territories, and envision possible avenues towards new scenarios where Indigenous fire management can be recognized as a valid and For the activity 1 session, participants were requested to focus on the creation of a collective group rich picture to represent their opinions about each task. Rich pictures formed the basis for discussions; these are drawings, pictures, symbols, and texts that express visual thinking and represent a particular situation or issue from the viewpoint(s) of the person or people who drew those [74] . Rich pictures are artistic and individualistic expressions, and therefore neither "right" nor "wrong". They were used to help gain an appreciation of the problem situation and provide a representation of how participants look at and think about the system [75] . At the end of the session, the groups shared their own rich pictures with the rest of participants allowing a general exchange of ideas and views among them in order to envision possible shared paths of solution to present-day conflicts.
During the event, English, Spanish, and Portuguese were used by the participants, from Guyana, Venezuela, and Brazil, respectively. Pemón, Makushi, and Wapishana Indigenous people could easily understand each other's native tongue, despite minor variants in some words and pronunciation. Special efforts were devoted to overcome linguistic barriers to reach understanding and agreement. The authors of this paper provided translations into each other's language to assure all participants understand and follow the discussions.
Along with the workshop discussions, the facilitators encouraged all participants to:
1. Express openly their own ideas, keeping respectful attitudes to other´s opinions, as well as an open disposition to learn from this process; 2.
Appreciate and value the contributions from all different stakeholders and Indigenous representatives; 3.
Identify key issues of common interest to them; 4.
Think about inclusive solutions where all stakeholders and Indigenous peoples could be included in all the stages of the process; 5.
Identify and propose possible local actions to ensure an intercultural and participative fire management plan based on the rescue of Indigenous knowledge; 6.
Negotiate a common path to deal with increasing risks and costs of wildfire occurrence in Indigenous territories.
Although a respectful and relaxed exchange of ideas prevailed along the discussions, tensions appeared at some points of the meeting due to the confronting opinions and views, which required strong facilitation of the group discussions, reminding participants about the importance of inclusion of all actors, Indigenous, academics, and technicians of governmental Institutions, and of identifying and negotiating possible paths to move forward.
Rich pictures, discussions, and audio and video materials collected from the different groups of participants were transcribed and comprise the data for this paper. Analysis of the data involved inductive coding of the raw data to identify viewpoints and arguments that emerged from the discussions, i.e., generating either divergence or convergence of opinions. The main results and agreements reached during the workshop were systematized and compiled in a report, which was sent to each of the participants. The contributions were included in a final version of the report 3 . This report also served as an input for this article.
The Parupa workshop offered a unique occasion for different stakeholders from the three countries to openly share their views, consider some of the current risks and threats they face, appreciate different perspectives about fire management in their territories, and envision possible avenues towards new scenarios where Indigenous fire management can be recognized as a valid and relevant knowledge. This exceptional event allowed distant Indigenous communities to share and reaffirm their common Caribbean and Arawak origins and cultural legacies.
The attendance and participation of Indigenous and institutional representatives along the whole event was successful, thanks, in part, to the trust that the academic organizers (authors of this paper) had previously created with communities through the implementation of participatory long-term action research projects, and capacity-building activities intended to improve their own community solutions to challenges [25, 27, 28, 76, 77] . This laid the ground and established a safe space for initial discussions, as participants confidently shared their worries about the risks of wildfires and their impact on forest integrity and biodiversity conservation in their territories.
Having the workshop in the CNP, within Indigenous lands, was an important factor contributing to its success. According to Pemón usages, important matters should be addressed in general assemblies, in their own lands, consulting elders' opinions and including people from the communities, allowing enough time to listen to all participants in order to reach an agreement. This might be an important issue to overcome in future instances, since public servants generally work in centralized offices and headquarters located in the countries' capitals.
Another key point for a successful outcome of the event was the presence of high-level representatives from the institutions in the meeting, as it was mentioned by the Pemón Indigenous communities. Since several Indigenous leaders, including the president of the Council of Elders of Kavanayén, attended the whole meeting, they expected reciprocity, with partners of equal rank at the meeting. The participation of INPARQUES' Forest Fire Commander, who hosted the meeting together with the project researchers, was seen with much acquiescence by the communities.
The actual process of agreement that unfolded during the workshop ( Figure 3 ) was the result of the dynamic that took place in the group and general discussions that led to: (a) the identification of key issues of common interest to all participants; (b) the mutual recognition of the stakeholders and Indigenous representatives involved and of the value of their contributions; (c) the need to learn from each other and to be included in all the stages during the search for solutions; and (d) the proposal of local actions to ensure an intercultural and participative fire management plan based on the rescue of Indigenous knowledge. paper) had previously created with communities through the implementation of participatory long-term action research projects, and capacity-building activities intended to improve their own community solutions to challenges [25, 27, 28, 76, 77] . This laid the ground and established a safe space for initial discussions, as participants confidently shared their worries about the risks of wildfires and their impact on forest integrity and biodiversity conservation in their territories.
The actual process of agreement that unfolded during the workshop ( Figure 3 ) was the result of the dynamic that took place in the group and general discussions that led to: (a) the identification of key issues of common interest to all participants; (b) the mutual recognition of the stakeholders and Indigenous representatives involved and of the value of their contributions; (c) the need to learn from each other and to be included in all the stages during the search for solutions; and (d) the proposal of local actions to ensure an intercultural and participative fire management plan based on the rescue of Indigenous knowledge. The information obtained during the workshop allowed us to identify differences and similarities between each of the actors and perspectives, which were then organized according to the emergent topics or resulting categories that were identified (see Methodology for details). Major themes that emerged during the discussion were: (a) the importance of fire in everyday life and Indigenous culture (Section 4. 
The Importance of Fire in Everyday Indigenous Life and Culture
Actual contexts of Indigenous fire management in Venezuela, Brazil, and Guyana were explored and depicted by the participants in the form of rich pictures, shown in Figure 4 a-c. All The information obtained during the workshop allowed us to identify differences and similarities between each of the actors and perspectives, which were then organized according to the emergent topics or resulting categories that were identified (see Methodology for details). Major themes that emerged during the discussion were: (a) the importance of fire in everyday life and Indigenous culture (Section 4.1.); (b) institutional perspectives and approaches to fire management in Indigenous lands 
Actual contexts of Indigenous fire management in Venezuela, Brazil, and Guyana were explored and depicted by the participants in the form of rich pictures, shown in Figure 4 a-c. All Indigenous participants highlighted the central role of fire for local livelihoods and the numerous uses and applications of fire in everyday activities, sharing openly and proudly this aspect of their culture, as "they certainly could not live without fire" (Captain of Kavanayén Pemón community, Gran Sabana, CNP, Venezuela), in spite of the huge challenges they face to protect and maintain it. Fire management represents a versatile and readily available technology that is applied by Pemón, Makushi, and Wapishana Indigenous people for a wide array of purposes, both in savanna and forest environments. Fire is used in family and collective practices (locally named Mayú by Pemón people) such as shifting cultivation, hunting, livestock management, fishing, and honey collection (smoking bees by smoldering various types of fuel), as well as in domestic daily tasks such as cooking (making cassava bread, tapioca, farinha, cachiri 4 , etc.) and food preservation.
Fire is also used in other common activities such as road clearing, protection from pests and Fire management represents a versatile and readily available technology that is applied by Pemón, Makushi, and Wapishana Indigenous people for a wide array of purposes, both in savanna and forest environments. Fire is used in family and collective practices (locally named Mayú by Pemón people) such as shifting cultivation, hunting, livestock management, fishing, and honey collection (smoking bees by smoldering various types of fuel), as well as in domestic daily tasks such as cooking (making cassava bread, tapioca, farinha, cachiri 4 , etc.) and food preservation.
Fire is also used in other common activities such as road clearing, protection from pests and predators (such as snakes and scorpions), construction (brick making), communication with smoke signals (i.e., early warning of events such as a successful hunt), ceremonies and ritual practices (i.e., use of fire to ward off evil spirits), and celebrations (with people sitting around bonfires). They also use fire for healing when they are sick.
Indigenous participants indicated that fire has an important role for soil preparation before crop planting in shifting cultivation practices carried out in small patches inside forests (conuco in Pemón language). These are exploited for 2-3 years and then left to rest in the form of barbecho (Spanish word to define secondary vegetation that develops after the conuco abandonment) over long periods, between 5 and 20 years, depending on the soil characteristics and surrounding forest vegetation. Yuca, succulent tubers (Manihot spp.), are the main crop for these Indigenous cultures.
"We make a conuco there, when we see that it is going to be [exhausted] we make a conuco farther away, 1 km or 3 km further, and we leave [the previous] to rest for a while and we move the conuco like a wheel. And when we get to this point [indicates with a gesture the starting point], about 5, 6, 7 or more years have passed, and this conuco is recovered to a new forest. This was the work of us Pemón people . . . ". Head of the Elder's Council, Pemón Arekuna Indigenous community leader of Kavanayén for over 20 years, and former firefighter of CORPOELEC, Gran Sabana, Venezuela Academics explained that the burning of plant material is required to release nutrients contained in the biomass and increases soil fertility, reducing soil acidity (pH) and aluminum toxicity of very poor and weathered tropical soils. Makushi and Wapishana participants from Guyana noted that burnings are done against the wind (backfires) in early morning hours while flammable material is more humid, in this way, preventing fire spreading. Additionally, since the burning is fully completed in the morning, they still have plenty of light hours to be alert and control and restrain any fire spread.
Fire is widely used in hunting campaigns to ambush and trap prey. Deer is the most commonly hunted animal by the Pemón using fire, while the Makushi and Wapishana of Guyana use fire to catch tortoises, which are commonly found in dug holes in forested areas. Likewise, the Makushi of Brazil indicated they use fire to catch armadillos. The Pemón also burn the savanna to stimulate the production of tender grass shoots, transforming these places into feeding sites and hunting grounds for deer. The Pemón people also use fire to fish. Fire makes insects jump into water and attract fish.
The Makushi and Wapishana use fire to prompt pasture regrowth and provide food for cattle in the savannas of Guyana. This allows them to maintain cattle in areas managed by the community and prevent cattle from wandering away in search for food (and they also use fire to remove ticks from cows and mark them). Very few of the Pemón people practice cattle ranching. Foremost among the Pemón's reasons for burning the savanna is to create a mosaic landscape of vegetation divided by natural fire breaks that keep low fuel levels, preventing the spread of larger fires. They usually undertake this practice in the savanna-forest transitions-in order to protect forests from wildfires, assuring the continuity of their main livelihood activities (i.e., hunting, shifting cultivation, fruit and wood collection, among others).
Makushi and Wapishana use the patch mosaic system to both have fresh grass for cattle in different areas at different times and to protect savannas from the spread of wildfire.
"We also use fire to burn our savannas to get fresh grass, but we don´t chose to do it like that, we do that what you call patches of savannas, burn this piece, burn that piece and burn that piece, right? . . . so, you could see here we don't have specific firebreaks but our minds our traditional life said that we 4 An Indigenous fermented liquor made from the grated root of the manioc. Pemón, Macuxi, and Wapishana participants clearly emphasized that fire and its uses are linked to education and knowledge transmission and the maintenance of their culture.
Institutional Perspectives and Approaches to Fire Management in Indigenous Territories

Firefighting Institutions
National public policies in Venezuela, Brazil, and Guyana have historically regarded fire as a threat to ecosystem integrity and sustainability, especially those that spread without control. Official programs have promoted total suppression of wildfires or 'zero fire' policies to prevent damage to natural areas, and the adoption of sophisticated technical and expensive approaches to control and combat fires [23, 27, 28, [78] [79] [80] . Traditional fire practices in Indigenous territories have, therefore, been restricted and criticized by local authorities and firefighting institutions, especially when they lead to uncontrolled wildfires.
Official plans have also included prevention and environmental education activities intended to teach the native population about the damage of fire and to introduce alternative agricultural techniques and practices.
The institutional rich picture presented by the Venezuelan group (Figure 5a ) shows fire as central to the Gran Sabana landscape in Canaima National Park, the different uses by Pemón Indigenous communities, and the training received by the brigades, processes, and equipment necessary to fight fire. Representatives from both the INPARQUES and CORPOELEC-EDELCA Fire Control Program Brigades (PCIV acronym in Spanish) were included in this group. Both institutions also explained the differences between them, their perspectives, challenges, and concerns. National public policies in Venezuela, Brazil, and Guyana have historically regarded fire as a threat to ecosystem integrity and sustainability, especially those that spread without control. Official programs have promoted total suppression of wildfires or 'zero fire' policies to prevent damage to natural areas, and the adoption of sophisticated technical and expensive approaches to control and combat fires [23, 27, 28, [78] [79] [80] . Traditional fire practices in Indigenous territories have, therefore, been restricted and criticized by local authorities and firefighting institutions, especially when they lead to uncontrolled wildfires.
The institutional rich picture presented by the Venezuelan group (Figure 5a ) shows fire as central to the Gran Sabana landscape in Canaima National Park, the different uses by Pemón Indigenous communities, and the training received by the brigades, processes, and equipment necessary to fight fire. Representatives from both the INPARQUES and CORPOELEC-EDELCA Fire Control Program Brigades (PCIV acronym in Spanish) were included in this group. Both institutions also explained the differences between them, their perspectives, challenges, and concerns. During the presentation, PCIV Brigades emphasized that fire has always been a very important component in CNP. Problems arise when local burnings get out of control and become big wildfires posing risks to forest cover in the Gran Sabana and affecting Pemón Indigenous food production and resource availability. The loss of forest cover also affects hydrological cycles in the region and During the presentation, PCIV Brigades emphasized that fire has always been a very important component in CNP. Problems arise when local burnings get out of control and become big wildfires posing risks to forest cover in the Gran Sabana and affecting Pemón Indigenous food production and resource availability. The loss of forest cover also affects hydrological cycles in the region and increases the amount of sediment by erosion that is deposited in water bodies and dams. They also highlighted the great practical experience acquired by PCIV. After more than 30 years of continuous operation, they have an extensive knowledge of the region, training of its staff in technical aspects of prevention, detection, and fire fighting in the upper basin of the Caroní River included in the Gran Sabana region of the CNP. The PCIV Brigades only work during the first attack against wildfires and are mostly composed of Indigenous Pemón members. They are aware of the importance of fire for the communities, the traditional methods of management, and the challenges that Pemón Indigenous communities face, taking into account the loss of traditional fire knowledge. They usually offer support during Indigenous shifting cultivation burns, to keep fire under control and avoid big wildfires. However, Indigenous Pemón PCIV members do not have the same status as official firefighters and can only reach the status of Chief of Brigades or Coordinator, with higher positions going to non-Indigenous people based outside the Park. Fire policy is, therefore, defined at higher hierarchical levels outside the Gran Sabana, at the company headquarters. In recent years, the program has suffered severe budget cuts, affecting their performance and achievements.
On the other hand, the INPARQUES forest firefighters' presentation focused on clarifying how they differ from the brigades of the PCIV. Although both have similar objectives (prevention, control of fires, and appropriate use of fire by Indigenous communities), differences derive from personnel experience requirements and organizational structure. The INPARQUES firefighters' body is composed of personnel with professional training, which obey a hierarchical structure headed by the president of the institution. This clarification intended to explain why some overlapping of obligations and responsibilities among the two organizations occurred when fighting a vegetation fire within the CNP. These differences in professional training as well as the overlap in firefighting functions in the park have generated tensions between these two groups, which became evident during the presentation. Unlike the PCIV brigades, INPARQUES firefighters are not permanently located in the CNP and they only attend very dangerous and out of control wildfire events. At present, the Fire Department of INPARQUES is planning to establish three permanent operation centers in Gran Sabana. The INPARQUES firefighters pointed out that joint work with EDELCA-CORPOELEC is planned in order to take full advantage of the technical and operational capacities of both institutions.
As an organizer of the workshop, the INPARQUES firefighters displayed a leadership role during the event that impressed the directives of the PCIV, who acknowledged that they had lost spaces of dialogue with local communities and leadership in relation to fire management in the region. Thus, although INPARQUES firefighters have historically been very restrictive about fire use in the CNP, during the Parupa workshop they adopted a more open attitude to work more closely with local communities and institutions:
"We must enhance working together with communities, keeping a fluid communication. [We must also . . . ] prepare communities in fire handling and control techniques and participate with them in their burning activities. It is important as well not to obstruct their activities; for instance, when they are burning for hunting purposes, we shouldn´t combat that fire, since prey might escape and that would create a conflict. This happens when there is no proper communication". Pemón Indigenous Park Ranger of the CNP, INPARQUES, Venezuela
The rich picture created by Brazilian institutional members from Prevfogo/IBAMA (Figure 5b) represented the need to work together with Indigenous communities, acknowledging the various uses of fire in Indigenous life, as well as their concerns about the current political situation in Brazil and the strong lobby of rural stakeholders against Indigenous peoples. According to Brazilian firefighters' institutional experiences, "zero fire" policies are ineffective and no longer viable to prevent wildfires, since fire suppression and firefighting strategies favor combustible material accumulation, creating conditions for large-scale wildfires. These policies, together with an increase in droughts due to the presence of climate change, profound socio-cultural changes, and the abandonment of traditional subsistence practices by many Indigenous communities, have resulted in increases in the occurrence of high-intensity fires and the extension of affected areas, as well as in the investment costs of firefighting activities.
"...We had the determination of 'zero fire', that fire must always be fought; however, we came to the conclusion that 'zero fire' is impossible, we have to learn to live together, learn to manage it, so that the positive side of fire can be used . . . ". Firefighter from IBAMA/PREVFOGO, Brazil They considered that instead of 'zero fire', an integrated fire management (IFM) approach that incorporates Indigenous communities and their traditional fire management knowledge (e.g., fire calendars), together with technical and professional practices, has improved fire management. This integrated approach requires extensive technical training efforts to cover the vast territory of Brazil, as well as increasing public and political national awareness about the importance and value of protecting Indigenous traditional knowledge. This process may face opposition from some national sectors, such as the "fazendeiros" (landowners) that refuse to acknowledge Indigenous people's land rights. They also emphasized that it is necessary to exchange knowledge with other countries that are developing fire management experiences with Indigenous communities.
The Guyanese Indigenous representatives explained that the country does not have a public fire management system or firefighting institution (apart from urban fire stations), since Guyana is a very young country established only 50 years ago after becoming an independent nation from the United Kingdom. Nevertheless, natural resource management government officials and environmental organizations have promoted anti-fire discourses in the public domain.
Academics
The academics group comprised participants from Venezuelan universities and research institutions. Their rich picture ( Figure 6 ) acknowledged the importance of fire to the Indigenous peoples, but also reflected the fact that there is still a strong academic lobby against them, blaming them for causing environmental degradation. They highlighted that even today many academics do not consider Indigenous knowledge valid because of "...We had the determination of 'zero fire', that fire must always be fought; however, we came to the conclusion that 'zero fire' is impossible, we have to learn to live together, learn to manage it, so that the positive side of fire can be used…", Firefighter from IBAMA/PREVFOGO, Brazil. They considered that instead of 'zero fire', an integrated fire management (IFM) approach that incorporates Indigenous communities and their traditional fire management knowledge (e.g., fire calendars), together with technical and professional practices, has improved fire management. This integrated approach requires extensive technical training efforts to cover the vast territory of Brazil, as well as increasing public and political national awareness about the importance and value of protecting Indigenous traditional knowledge. This process may face opposition from some national sectors, such as the "fazendeiros" (landowners) that refuse to acknowledge Indigenous people's land rights. They also emphasized that it is necessary to exchange knowledge with other countries that are developing fire management experiences with Indigenous communities.
The academics group comprised participants from Venezuelan universities and research institutions. Their rich picture ( Figure 6 ) acknowledged the importance of fire to the Indigenous peoples, but also reflected the fact that there is still a strong academic lobby against them, blaming them for causing environmental degradation. They highlighted that even today many academics do not consider Indigenous knowledge valid because of "the absence of solid scientific foundation" Researcher from Instituto Venezolano de Investigaciones Científicas (IVIC). In their presentation, they pointed out that, in spite of some recent and serious efforts undertaken by USB and IVIC researchers, natural and historical studies about the meaning and application of traditional fire Indigenous practices are scarce, and in many cases, inadequate. In the past, this lack of understanding has encouraged dismissive attitudes toward Indigenous fire In their presentation, they pointed out that, in spite of some recent and serious efforts undertaken by USB and IVIC researchers, natural and historical studies about the meaning and application of traditional fire Indigenous practices are scarce, and in many cases, inadequate. In the past, this lack of understanding has encouraged dismissive attitudes toward Indigenous fire management knowledge by governmental institutions. In their opinion, public policies and institutions promote the adoption of Western ways of living, increasing Indigenous communities' dependency and vulnerability, and contributing to the loss of Indigenous knowledge and culture, which are key elements for their autonomy, food sovereignty, and survival. They considered that in order to change this situation, major changes should be introduced in the laws and rules applied to Indigenous communities, as well as in fire management plans, allowing "Indigenous-controlled" prescribed burning practices in natural areas to reduce the amount of flammable material.
The academic group also pointed out that, although the lack of visibility of Indigenous culture in academic spaces still remains, there are some initiatives and long-term participative action projects 5 that need to be acknowledged and extended.
"[These projects] . . . have provided the ecological basis of traditional Indigenous fire management and materialize the inclusion and integration of Indigenous knowledge and practices in the decision-making process and an intercultural governance. They must continue to be supported". Professor at Universidad Central of Venezuela and Rector of Universidad Indígena del Tauca, Venezuela
Concerns about Fire Management in Indigenous Lands
Different stakeholders and Indigenous representatives expressed their own concerns about the difficulties and conflicts experienced in dealing with fire management issues in Indigenous lands.
All Indigenous participants also observed the increasing occurrence and severity of fires of higher intensities that affect their activities and ecosystems.
"Fire is man´s friend, but wildfire is his enemy". Captain of the Kavanayén Pemón Indigenous community
Lack of Indigenous Knowledge and Practices Transmission
Indigenous participants expressed major worries about the loss of traditional Indigenous practices. Pemón people from Venezuela manifested concerns about the general loss of interest of the young people to learn from their grandparents. Although fire is still used for ancestral purposes by Pemón Indigenous people, recent cultural changes have brought new technologies and ways of living, creating "other needs" that appeal to young members of the communities. The proper traditional ways of applying and using burning is being forgotten, increasing the risks of uncontrolled wildfire occurrence.
Several Indigenous representatives from Venezuela, Guyana, and Brazil concurred that local bilingual schools are not intercultural, and they considered those as places for learning foreign knowledge, limiting the transmission of their own ancestral wisdom. In the past, children and young people used to share plenty of time with their grandparents listening to stories and taking part in daily activities (farming, hunting, fishing, etc.), assuring the practical transmission of their knowledge; while nowadays, children spend more time at school, losing opportunities to learn their traditional ways and practices. Likewise, young Indigenous people are being attracted by more lucrative occupations such as mining, abandoning traditional activities and the natural spaces of transmission and application of ancestral knowledge. "When we followed the tradition of our ancestors, the Indigenous lived peacefully without bothering anyone, but now we are seeing many consequences of having formed a [permanent] community, of having integrated our children to the studies of the school...We are seeing that our children lost all our culture, now everything is with the computer; instead of studying, they are looking for cartoons there and in the TV; that's not study . . . ". Head of the Elder's Council, Pemón Arekuna Indigenous community leader of Kavanayén for over 20 years, and former firefighter of CORPOELEC, Gran Sabana, Venezuela Makushi and Wapishana participants from Guyana pointed out that Indigenous fire practices without appropriate knowledge cause significant damage to the forests, savannas, and morichales 6 , which are key areas for obtaining food and daily basic resources. Furthermore, the change from collective to more individual work was also pointed out as an important factor for large wildfires:
" . . . Each one takes care of his own farm for example, and if the fire is out of control, there is not a large team to help him, thus increasing the chances of the burn entering adjacent forest". Makushi Indigenous leader of the North Rupununi District Development Board (NRDDB), Guyana Makushi people from Terra Raposa Serra do Sol in Roraima, Brazil also expressed concerns, as now, fire is generally out of control in their territory. They explained that, in the past, people used to be organized and work together to plan crop production and burns:
" . . . We had an Indigenous calendar for burnings. Now each person does his own thing and makes fire alone without a plan or knowledge . . . ". Makushi Indigenous leader, Conselho Indigena de Roraima (CIR), Comunidade da Maturuca, Terra Raposa Serra do Sol, Roraima, Brazil
Climate Change Effects on Wildfire Behavior and Regimes
Makushi and Wapishana people from Guyana explained that some uncontrolled fires are related to climate change. With climate change, it is becoming more difficult to predict the rains, so as soon as there is a hint of the dry season, people go by motorcycle to the field and take advantage of the dry weather to burn. These fires can become uncontrollable and cause a lot of damage, especially in the seasonally flooded humid areas where the fish haul is decreasing. These fires also generate air pollution and contribute to global warming.
Similarly, Pemón people have detected the severity of the dry season and the increase in air temperatures; they also consider that the unpredictability of the weather has severe consequences on the spread and duration of large wildfires and their Indigenous practices.
"Climate change has affected fire behavior. When the grandparents lit fire in the conuco they knew that after the drought came rain. But not now; the seasons have changed. Thinking that it is going to be like the old days, the Indigenous people of nowadays light a fire and a certain time goes by without raining. It is sad to see large burned areas without being able to sow". Pemón Indigenous teacher of Escuela Técnica Agropecuaria de Kavanayén (ETAK), Gran Sabana, Venezuela
Participants from the Brazilian Makushi community also expressed serious concerns about how uncontrolled fires entering forests cause degradation, affecting areas of natural water sources. They consider that these erosive land processes will eventually affect the quality of life of Indigenous communities.
Representatives from firefighting institutions were worried about the threats that uncontrolled wildfires pose to biodiversity and river basin conservation; in their opinion, Indigenous traditional burns should be applied by experienced members of the communities to avoid fires getting out of control. According to firefighters' experiences, climate change has created conditions of higher temperatures and intense droughts that promote wildfires of greater severity. 6 Mauritia flexuosa palm swamps. For their part, the Brazilian PREVFOGO brigades also agreed that the drought severity had increased and that they have had a very strong impact on the propagation and occurrence of wildfires over Indigenous territories. Wildfires pass repeatedly over the same areas in subsequent years, delaying their recovery. They explained that there are not enough workers in their department in order to attend the needs of fire prevention and fire fighting in all Indigenous territories. Preventive work is needed throughout the whole year and the fire brigades' work should extend beyond the current six-month contract.
Tourism
Tourism was also blamed as a source of wildfires. The participants of the Guyanese Makushi community indicated that travelers crossing the territory start fires, which usually spread out of control.
Exclusion of fire Indigenous Practices: 'Zero Fire' Policy Implementation
On the other hand, Brazilian institutions expressed serious concerns about the political proposals made by the rural agribusiness lobby in the National Congress of Brazil, which seeks to withdraw rights acquired by Indigenous peoples such as the demarcation and implementation of their territories. These "fazendeiros" are a very strong and powerful economic group in Brazil, and they intend to weaken environmental legislation to facilitate soybean cultivation and mining. These "fazendeiros" claim that Indigenous territories are very large and unproductive, since Indigenous people do not want to work (in the Western sense).
The major concern shared by all groups of participants referred to the application of diverging perspectives of fire management in Indigenous territories. Indigenous communities perceive that institutions have historically promoted narrow and rigid perspectives and imposed their own vision of fire control and exclusion, refusing to acknowledge Indigenous fire management. On the other hand, institutions have considered the use of fire by Indigenous communities as an obstacle to natural areas conservation policy and to proper implementation of fire extinction and control strategies.
During the discussions related to how to implement an action fire management plan to move from the current to the ideal situation, direct mutual allegations between Indigenous and institutional representatives, gave rise to high tensions that were potentially damaging to the positive atmosphere of dialogue and exchange that prevailed during this event. Indigenous participants expected to have a leading role and an active involvement in the decisions concerning their territories, in contrast to being passive recipients of the choices imposed by the institutions. Indigenous participants insisted on being involved as equal partners in all stages and decisions related to fire management in Canaima National Park. They resented INPARQUES for considering biodiversity conservation more important than preserving Pemón traditional cultural legacy, when they believe that both are equally important.
"The Gran Sabana has been [here since] ancestral times, since it was created by the Almighty, and it has been a National Park since 1971 or 1972...and it was decreed without the knowledge of the Indigenous people, without telling the Indigenous people . . . When the National Park was decreed...a director from INPARQUES came to Kavanayén and told me, since I was the captain: 'Look, sir, this is a National Park; you can no longer cut a stick, you can't make a conuco, you can't burn at the head of the rivers...because this is a Park, otherwise you will be penalized.' I told him . . . 'It seems to me that now we're not bothering the government, we're not asking the government for daily bread. Here we are living in our environment, without bothering anyone, we have our conuco, and we know when we are going to do it"...We don't want that arrogance, we don't want them to come and tell us: 'Look, whatever the institution says, whatever the legal part says, this is it, you're going to do this' No! . . . This situation was overcome through strong facilitation of the group discussions. The participants were invited to ponder the benefits and achievements over the last years. It was proposed that they value the efforts made, the capacity for dialogue acquired and the experiences of joint learning between the different stakeholders and Indigenous communities' representatives. Based on these considerations, the facilitators requested that the participants evaluate the two possible alternatives to follow: (1) build a common path of action through the understanding and negotiation of different positions, perspectives and interests or (2) going on each one their own separate and confrontational ways, bringing back the historically conflictive situations of the past. Additionally, the facilitators explained that learning pathways would not be free of mistakes, and that misunderstandings among the parties would appear, demanding mutual trust and special efforts to develop a new common language that enabled understanding. After this impasse, the president of the council of elders accepted the proposal to go all together, as long as all parties committed to respect the dynamics of consultation in the assemblies of the Pemón people about plans and actions. On the other hand, the INPARQUES authorities ratified the willingness of the institutions to assume new guidelines in terms of integration with the Pemón communities and to jointly define the destinies and activities of those territories.
"This is not the INPARQUES of the 1970s; this is a very different INPARQUES, which is besides you [referring to
Indigenous communities] . . . We start from the principle that it shouldn't have been like that and we don't want it to continue to be that way [referring to past un-consulted decision-making from public institutions]. [Now,] you have an INPARQUES with whom to propose things [in a different way] from the one used in the 1970s . . . As firefighters, we responsibly assume that the problem is not in the fire, the fire is a basic element for the life of the human being...The problem is not the fire; the problem is not the conuco either, the problem is when the conuco of two or three hectares is burned and the fire comes out of the conuco and burns a thousand hectares of the forest,". Mayor Miguel Matany, First Commander of the INPARQUES Forest-firefighers, Venezuela
In the end, participants agreed that all types of knowledge and skill were valuable and indispensable, as well as on the importance of the joint construction of mutual trust, respect, and harmony ( Figure 3 ).
"What is happening in this workshop is a historical fact. After many long efforts . . . to demonstrate the ecological and cultural value of our traditional fire knowledge, we were able to advance [our cause] through new rules of the game for the three actors living in the Gran Sabana in Canaima National Park [Indigenous communities, government institutions, and scientists] with respect to fire management...We must all work equitably, in common wealth for the good of our society". Secretary of the Kavanayén captaincy and teacher of Kavanayén Technical Highschool (ETAK), former technician of Parupa Scientific Station, Gran Sabana, Venezuela 4.3.5. Lack of appropriate acknowledgement and hoarding of indigenous knowledge by Some Academics Venezuelan Indigenous communities also expressed some mistrust and criticisms about particular academics' behavior in the CNP, since in the past, some of them had collected and extracted information without acknowledging their contribution, neither returning or sharing the research findings with them.
New Approaches to an Intercultural and Participative Fire Governance
In order to promote a consensus about what should be the ideal situation and the objectives to be pursued for fire management in the region, all participants, organized by country (i.e., Venezuela, Brazil, and Guyana), regardless of their affiliation or identity, engaged in a collective discussion to build proposals to overcome their concerns and move beyond current problematic situations.
The participants agreed on the importance of knowledge and action articulation among all institutions and communities involved in fire management.
They considered that the old paradigm of "no burning" or fire exclusion should be abandoned in favor of a holistic and participative model of fire management. Joint and coordinated action plans that include communities, as well as technical and academic institutions, should address legal issues, along with the exchange of different types of knowledge, techniques, and experiences about fire control and management. Different types of knowledge (i.e., traditional, technical, and academic) should be considered to fully understand fire behavior in different conditions, and to develop fire management plans.
"We identify, as the technical body of our organization, that we need better training to approach Indigenous communities, to know how to introduce ourselves into communities with the necessary respect so that it does not interfere in decisions, so that it does not interfere in the structure of communities, so that it does not cause divisions, and instead, it becomes an element of fusion and congregation. So, we see the need to have better training for our technical staff of our organization through participatory methodologies where it adds value to that reality". Firefighter, IBAMA/PREVFOGO Community members highlighted the importance of dialogue and mutual agreement for better conservation of the natural protected areas they inhabit. Therefore, they believe that an ideal situation should allow a respectful exchange of ideas and points of view towards a truly participatory and intercultural fire management approach. Traditional Indigenous fire knowledge and new scientific findings on fire management should be widely disseminated, including government and academic spheres.
" . . . To embrace Indigenous ancestral knowledge of fire, scholar knowledge, and the technical capacities of institutions in the construction of a new fire management plan in the Pemón Indigenous territory. Based on the ancestral knowledge of fire management, we are going to unite all types of knowledge in order to generate a new fire management model for the region . . . ". Pemón Taurepang Indigenous firefighter from CORPOELEC Pemón Indigenous participants expressed that they expect academics to take responsibilities for monitoring and translating the significance of environment and social changes (climate change, etc.) so that fire management plans can be permanently adjusted and improved. Academics agreed on this, stressing that instead of acknowledging different counterparts' opinions, true inclusion and horizontal exchanges should be guaranteed in the process of building up a new fire management paradigm.
"We want a dialogue between institutions and communities in order to validate traditional knowledge and achieve fire management. Scientists could help us to validate that knowledge. Dialogue is going to help accomplish the goal of proper fire management". Pemón Arekuna Indigenous representative from Kavanayén, Gran Sabana All participants agreed on the idea that prescribed fire practices represent an opportunity for common action, since they have been used traditionally by Indigenous people as well as firefighting technicians as a means to reduce and control the amount of flammable material to prevent wildfire occurrence. Therefore, it would be useful to reveal the value of traditional knowledge on fire use and management and develop a shared base of fire knowledge.
Open-minded approaches from institutional representatives eased the way for more respectful and sympathetic attitudes towards Indigenous fire practices, and for the recognition of the need to promote policy changes within institutions. This strategy was actually implemented by the Fire Department of INPARQUES, which was actively involved in previous processes of formal exchanges of knowledge with scholars undertaking participatory fire-related action research in CNP. " . . . We don't come to tell you not to burn; we come to burn with you, to participate with you in the burning so that it doesn't turn into a wildfire. For us, fire is one thing and wildfire is another thing, and you will never hear us anymore to say "no" to burn, what we don't want is more wildfires in the forests that give life to you and everyone else...". Mayor Miguel Matany, First Commander of the INPARQUES Forest-firefighters, Venezuela
Overcoming linguistic barriers and interpretations was also a major factor for reaching an understanding towards a common agreement in relation to fire co-management in Indigenous lands. Members of the Pemón community did not agree with the word "reconocer el conocimiento indígena" (acknowledge Indigenous knowledge), since they considered that the word "acknowledge" implies the existence of someone superior that gives his/her approval to another's opinion, instead of assuring mutual understanding and equal value for participants knowledge. After a long discussion, they offered the term "inclusión del conocimiento indígena" (embrace Indigenous knowledge) together with other types of knowledge.
There was also a shared consideration about the need to create a common "language" for intercultural understanding, whereby terms have the same meaning for everybody. That was the case for preferring to use the terms "academics" or "scholars" (académicos, in Spanish) instead of scientists to refer to researchers, since the Indigenous participants consider themselves as true scientists as well, although their training occurs in the natural environment they inhabit, where they learn their knowledge from the elders.
Some concerns arose in relation to the leadership, roles, and responsibilities that communities could undertake in relation to fire management and control activities. Indigenous participants insisted on being involved as equal partners in all the stages and decisions related to fire management.
After long discussions and easing of tensions, the directives and representatives of the different institutions approved to support and respect the agreements reached during the workshop and to develop a new paradigm of fire management based on the integration and collaboration of Indigenous communities, academics, and institutions 7 .
"Let us all unite, institutions and Indigenous communities with our knowledge. We are ancestral firefighters, we know how to handle fire, and how to walk the roads, so that we burn. It is time for us all to unite: institutions, Indigenous people, and scientists to look for the solution we are talking about. We are willing to collaborate with the institutions, and the institutions are willing to collaborate with us; but let's do it without restrictions, because the institutions are arrogant many times. You can't do that, since in the life of the Indigenous that [arrogance] never existed, and we don't want that. What we want is to be united in the work, to find the solution". Head of the Elder's Council, Pemón Arekuna Indigenous community leader of Kavanayén for over 20 years, and former firefighter of CORPOELEC, Gran Sabana, Venezuela
Discussion
The testimonies offered in this workshop by Indigenous participants from Venezuela, Brazil, and Guyana were extremely rich and exposed the holistic vision they have about human and environmental issues, which are tightly interlinked in their daily lives.
Indigenous discourses showed that, in spite of the many socio-cultural, demographic, land, and climatic changes they have experienced over time, the traditional use of fire is still a fundamental sustainable tool for their livelihoods, and a meaningful factor in their cultural identity and social cohesion. Indigenous Pemón, Makushi, and Wapishana peoples in the central Guiana Shield of South America, all maintain the controlled use of fire for agriculture, hunting, and fishing, among other 7 Details of specific plans and actions of each country can be seen in the first report: http://projectcobra.org/participatory-andintercultural-fire-management-network/ subsistence practices [4] [5] [6] [7] [8] [9] . With very few local differences, these three groups of Indigenous cultures currently use similar fire management techniques to protect forests in the characteristic vegetation mosaic landscape they inhabit in the Guiana Shield. These findings suggest an effective historical cultural transmission of these Indigenous knowledge and practices [38, 81] , along generations and also among different Amerindian groups belonging to the Amerindian Caribbean and Arawak families. Local resource management carried out over thousands of years in this tropical region of South America [10] [11] [12] 36, 50, 51, 53] has been revealed to be effective in sustaining the coexistence of forest and savanna ecosystems in Indigenous territories.
On the other hand, firefighters', the PA administrator's, and participants' discourses revealed their commitment to serve a meaningful purpose in order to protect biodiversity and natural areas, although they were aware of the many difficulties and limitations they face to accomplish their tasks. They were open to embracing new approaches about fire management, whenever practical and academic evidence proved them useful; they also acknowledged the importance of working together with local Indigenous communities to achieve sustainable and efficient solutions.
Academics' discourses acknowledged the undesirable effects of the hegemonic policies that have historically stigmatized and marginalized Indigenous peoples from participation and decision making. They showed a respectful disposition to understand and make known Indigenous knowledge and practices. The organization of this and similar past events represents an example of the contribution from academics (workshop organizers) to the process of facilitating the integration of different perspectives and planning joint work.
The evidence and experiences shared at the meeting allowed the participants to: (a) acknowledge the importance and value of fire for ecosystems, humans culture, and survival; (b) accept new approaches and perceptions about fire ("fire as friend", "fire as a tool", "responsible and holistic use of fire", "management, planning, prevention, and control of fire", instead of "combat, suppression and exclusion of fire", "fire as enemy"); (c) acknowledge the value of traditional Indigenous understanding of fire for the long-term sustainability of ecosystems; and d) integrate and transcend different ways of knowing and understanding fire behavior and its impacts, in order to promote adequate adaptation responses to the effects of climate change in the region.
However, some doubts cast shadows over these optimistic outcomes. Considering the historical processes of the colonial times and the current national policies that have ignored traditional Indigenous systems of living, what is the future of these fire Indigenous practices? Indigenous participants expressed major concerns as to the current loss of traditional knowledge about fire uses and other traditional practices, as well as to the actual possibilities to apply them in their territories.
According to their testimonies, several factors seem to contribute to hinder the natural processes of cultural transmission of their traditional knowledge about fire within their own communities.
Among younger generations of Indigenous people, traditional practices are being replaced by Western ways of living; proper application of ancient methods remain a domain of the elders who received the ancestral Indigenous education. For example, very few Pemón youngsters show interest in learning the traditional cultural domains, whose active initiative and personal interest is a prerequisite to acquire this knowledge [25, 82, 83] . Since Caribbean and Arawak are cultures of oral transmission [38] , this represents a serious threat to the survival of these cultures.
Along with the establishment of permanent settlements, schools have also become an important way of education and cultural transmission in Indigenous communities of Latin America, replacing orally transmitted cosmovisions and norms by written codex. Although these Indigenous schools are frequently bilingual, the teaching programs do not incorporate Indigenous knowledge and local forms of teaching, since their curricula have standardized contents which are designed by the national Ministries of Education [82] . Thus, Indigenous students learn Western culture in their mother tongues [25] . Some authors have previously noticed that learning in small-scale societies is typically experimental: it occurs over time, through hands-on experience (experiments and practices), play and direct observations of the adult's performance, which is unlikely to occur in schools [31, 35, 84, 85] . The religious influence of the early Catholic and other Christian missionaries, who were established in these Indigenous communities during the 19th and 20th centuries, to develop different educational initiatives, has interfered with traditional oral transmission to new generations of traditional Indigenous culture and beliefs [82] . Traditionally, the native's spirituality and source of knowledge was conditioned by the belief in the many spirits of nature (polytheism) [35, 86, 87] , but in the modern phase, some Indigenous peoples have converted to the monotheistic religion of Christianity [19] . In the case of Pemón, for instance, the teaching of traditional fire practices is associated with the myth of Makunaima, known as the "father of all Pemón Indigenous", an ancestral figure representing goodness and wisdom, who gave Pemón peoples the legacy to set and handle fire in a responsible and harmless way [25] .
The loss of Indigenous rights of ownership and management over their territories and the subsequent forced migration in search of new opportunities of subsistence are considered one of the main reasons for generating acculturation processes in Indigenous communities [88] . Since Indigenous societies are very closely connected to their environment [37] , the loss of contact with their native habitat affects them deeply. For Indigenous peoples, the acquisition of rights over their own territories has represented a long historical struggle that extends until the present [57] . For example, the official reconstitution process of Raposa Serra do Sol, in Brazil, and the allocation of land rights to the Makushi took a period of 90 years, from 1917 to 2007 [89] , and this is now threatened by the anti-Indigenous rhetoric of the current government 8 .
Indigenous communities that inhabit protected areas suffer the effects of official policies intended to protect and conserve biodiversity which are enforced by PA managers, who generally ignore or go against traditional Indigenous practices [62, 90] . Likewise, in many Latin American countries, the declaration of protected areas implies the eviction of all their inhabitants, even when these areas represent the ancestral territories of Indigenous communities. Although the implementation of MIF in PAs represents a significant advance for fire management in Brazil, burning vegetation outside reserves is not yet legally permitted [63] and the presence of Indigenous people in PAs is also forbidden or restricted [58] . This has generated conflicts concerning Indigenous rights of occupation in these Pas, as well as the application of late burns and other traditional practices of fire and natural resource management [9, 28, 58] .
Considering the obvious process of acculturation that Amerindian peoples experience and the limitations to implement their traditional practices, there is an urgent need to design and put into effect a new intercultural fire management (IFM) policy that restores and strengthens the mechanisms of transmission of their own culture within the Indigenous communities. These actions are vital, since the grandparents, who are the main holders of this knowledge, are dying. Likewise, we believe that Indigenous cultural restoration integrity is a necessary process for ecological restoration integrity and Indigenous people's resilience. The construction of an inclusive process that embraces nature and cultural interrelationships and which involves all sectors of society, such as Indigenous communities, is an imperative [24, 25, 27, 28, 31, 35, 86, 87, 90, 91] .
The development of IFM policies, based on the recognition of the value of Indigenous knowledge for fire management, is an important step towards a paradigm shift in fire management. Examples of these important initiatives towards IFM implementation are represented by Australia and Brazil [9, 27, 28, 57, 63, [92] [93] [94] . However, a real process to ensure interculturality and active participation of Indigenous communities still represents a challenge. These IFM experiences run the risk of incorporating only the utilitarian value of Indigenous knowledge for the implementation of early burns in savanna areas to reduce fuel and avoid higher intensity burns at the end of the drought. These new forms of management will not be effective or sustainable if Indigenous culture is not strengthened and Indigenous practices are not actively incorporated [25, 27, 28, 31, 35, 86, 87, 95] . Otherwise, this approach will lead to the loss of the rich and diverse legacy of Indigenous fire practices that promote diversity and ecosystems' health in a wide array of environments.
Intercultural and participative management also faces the challenge of integrating Indigenous knowledge with scientific-academic knowledge, using the capacities and expertise of institutions to promote sounded and unprejudiced participative research over socio-environmental conditions that revolve around Indigenous fire management and application [24, 25, 28, 29, 31, 34, 35, 86, 87, 95] .
Another relevant question that emerged during the discussion was: How do Indigenous people cope and adapt to climate change? In the workshop, Indigenous participants mentioned that they have observed environmental signs of changing climatic patterns, such as extended dry seasons, higher environmental temperatures, and unexpected changes in weather (rains during dry season or dry periods during wet seasons) that they relate to a higher frequency, spread, and severity of wildfires in their lands [18, 23, 29] . Representatives of firefighters' institutions and Indigenous communities both acknowledged the damage and impact caused by these big wildfires or "megafires" and the difficulties in coping with them ( Figure 3 , see also footnote 1). Academics pointed out that the Indigenous fire management strategy, which reduces the accumulation of combustible material in fire-prone environments, can contribute to preventing the occurrence and spread of large fires to the edge zones and tropical forests, and be more effective than expensive technical approaches to combat wildfires, especially in the face of increasingly severe climate change scenarios [5, 10, 18, 23, 25, 29, 33] . Under increasing temperature scenarios, the fire risk also increases with any accident or loss of control during traditional fire practices for agriculture, hunting, and other purposes. In this sense, the maintenance of Indigenous traditional knowledge and the promotion of Indigenous best practices of the use of fire is essential to reduce the spread of fire without control, especially in conditions of greater vegetation vulnerability. Indigenous people also expressed the importance of the support of firefighters and academics to plan safer burning conditions and the acquisition of training and tools to prevent the spread of uncontrolled fires. All participants agreed on the adaptive value of working and learning together to develop a new fire management paradigm that integrates the efforts, knowledge, and capabilities of Indigenous people with governmental institutions and academics [29, 34, 96] .
In the face of all these challenges, is it possible to integrate Indigenous fire knowledge into fire management policies in the region? Reaching the desirable goal of an intercultural and participative fire management demands continuous efforts through time, in order to build up mutual trust and joint working spaces [25, 28, 31, 35, 70] . The previous experiences of Venezuela's, Brazil's, and Guyana's workshop participants revealed different degrees of advance in this respect. In the case of Venezuela, the long-term controlled burning experiment and the intercultural workshops undertaken in Canaima since year 1999 [5, 19, 25, 26, 76] helped academic Venezuelan researchers, Pemón communities, and firefighters to understand the features of Indigenous burnings and also that Indigenous patch mosaic burning in savanna areas actually protect nearby forests [5, 10, 19, 25] . On the contrary, savanna areas excluded from fire for many years accumulate very dangerous dead biomass converting them into very vulnerable areas for the spread of catastrophic wildfires. Thus, clarifying the differences between traditional Indigenous practices, controlled burns, and wildfires [5, 10, 19, 25] . As a result, early cooperative activities were promoted, and, for instance, PCIV Indigenous firefighters, who understood both the traditional uses of fire as well as Western fire combat techniques, started to offer support to communities to assure the success of controlled fires during Indigenous conuco practices instead of forbidding them [76, 97] . These experiences eased the way towards the definition of Venezuela's ideal fire management situation based on the integration of Indigenous, academic, and technical knowledge.
Brazil's and Guyana's groups presentations focused on identifying activities that could contribute to greater intercultural and participatory fire governance. Indigenous participants from both countries highlighted the importance of generating actions to reinforce and recover Indigenous traditional knowledge and practices, as well as their own internal organization. In the case of Brazil, the lists of actions were presented separately by Indigenous and institutional representatives. This last group expressed the need to integrate several national institutions such as environmental agencies and institutions: PREVFOGO-IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis), SISNAMA (Sistema Nacional do Meio Ambiente), PBA (Plano Básico Ambiental) with the ones in charge on Indigenous issues: i.e. FUNAI (Fundação Nacional do Índio), to generate joint actions and advance in the implementation of a new governance for participatory fire management in Brazil. In addition to improving performance, they consider that it is very important to gather human resources and efforts due to the growing cuts of funds destined to government institutions for fire management programs. Likewise, it represents an alternative to distribute the high costs of organizing brigades and other professionals and their mobilization for implementation of MIF programs in a country as extensive as Brazil (see footnote 1). The Wapishana and Macuxi communities in Guyana also raised the proposal to obtain international funds from different NGOs to continue regional integration activities, informing about the role of international actors in this country where public institutions are of more recent creation.
All stakeholders and Indigenous representatives involved with fire management in protected areas in the Guiana Shield area were disposed to reach an agreement for a sustainable solution to fire conflicts in the area, since official fire exclusion policies and practices currently applied do not fulfil their expectations. While scholars and official representatives of environmental management institutions recognized the inefficiency of the 'zero fire' policy as a conservation strategy, Indigenous participants claimed their inherent right to decide how and when to use fire. Pemón participants demanded equal participation (co-management) in policy development, decision making, and planning processes related to fire management.
Putting into practice a shared and co-responsible leadership is perhaps the major key issue in order to achieve a truly intercultural policy [27, 28, 31, 35, 98] . Fire management decisions should be shared between the three groups composed of stakeholders and Indigenous peoples correspondingly. It is expected that this change will counterbalance the dominant discourse imposed by the institutions and recognize Indigenous knowledge about fire management as valid [31, 35, 87, 98] . The challenge is not only to integrate knowledge but also to implement practices with active, equitable, and representative participation; this could be achieved by carrying out common projects. This is an important step towards overcoming the complex legacies of social, economic, political, and environmental realities, and patterns of advantage, disadvantage, and imbalanced power of the different cultural groups in Indigenous territories [33, 70, 95, 99] .
Finally, during the last day of the workshop important joint actions were unanimously decided such as the creation of a "Participatory and Intercultural Fire Management Network" and a joint declaration (Box 1), that served the purpose of making visible to the rest of Indigenous communities, government authorities, and academics the agreements reached, expressing the commitment of all stakeholders from Venezuela, Brazil, and Guyana to keep on working together towards Indigenous fire management legitimization and reinforcement, as well as the promotion of a sustainable intercultural fire policy in the region.
Conclusions
The Parupa workshop offered a unique occasion for different stakeholders from Venezuela, Brazil, and Guyana to exchange multiple perspectives and experiences about fire management in the Guiana region. This event allowed distant Pemón, Wapishana, and Macuxi Indigenous communities, of the same ethnic origin (Caribbean and Arawak) but separated geographically and historically, to reunite and recognize that they still maintain a strong common cultural bond, with similar practices and knowledge about the use of fire. Likewise, this encounter helped them to recognize that they struggle alike to maintain their identity and culture, a fact that worked as an excellent impelling driver in the search for solutions and alliances that help them face fire management challenges together.
In spite of the worries expressed by the different groups of participants, a shared willingness to go beyond bitter experiences of the past emerged during the meeting, giving way to a disposition to work and learn together in order to build a participatory and intercultural fire management policy that integrates Indigenous knowledge together with scientific and institutional knowledge and skills.
Some important lessons were achieved from the intercultural fire management workshop in Parupa, Gran Sabana, Venezuela:
1.
The process of facilitation by academics requires proactive responses and some "out of the box thinking" to overcome tension and antagonism proper of any intercultural building process. A respectful attitude towards different cosmovisions can open up opportunities to identify convergent points and overcome historical disagreements among different stakeholders in order to find adaptive, sustainable, inclusive, and socially just solution to common challenges.
2.
The use of appropriate language was a key element to reach an agreement about intercultural fire management in accordance to previous findings in the process of natural resource planning with Indigenous people in different geographical contexts [31, 35, 81, 82, 86, 87] . 3.
The need to face a new challenge of adapting to the adverse conditions generated by climate change can be a key point of convergence since all stakeholders and Indigenous representatives recognized its socio-ecological disruptive impact on Indigenous and protected territories. The visualization of a common objective and benefits for all parties contributed to formulate alliances and joint actions of cooperation among all actors within and amid all countries. 4.
Building up long-term relationships with Indigenous communities, is an indispensable requirement to achieve mutual trust and convening power for joint actions, as well as the establishment of lasting agreements. This involves a paradigm shift in governance policies in state agencies and research centers that usually work with specific and practical projects' objectives, aimed to achieve short-term results.
5.
In addition to the integration of Indigenous, scientific, and technical knowledge, a legitimate and sustainable management of fire in territories inhabited by Indigenous peoples must guarantee the active and equitable participation and joint learning of all actors, safeguarding their culture and allowing the implementation of their traditional Indigenous practices. In other words, fire management must be participatory and intercultural and must be developed within a framework of social justice, respecting the sovereignty and cultural integrity of Indigenous peoples. It is not enough to recognize the existence of multiple cultures (multiculturality), instead different powers of public dimensions should guarantee equitable conditions of participation in the dialogue between these cultures (interculturality). 6.
The challenge of interculturality is that different stakeholders manage to coordinate their actions instead of promoting isolated initiatives, so that reciprocal tendencies equilibrate and balance each other, creating a common space of coexistence, that is an "intercultural interface" of institutions working on environmental management and governance. Without the promotion of these conditions, which also aims at the construction of inclusive identities, the power imbalances and the domination of the hegemonic culture over the minority ones will still prevail.
This new intercultural interface represents an opportunity to promote dialogue and exchanges among stakeholders, Indigenous peoples, and countries in order to find more just and sustainable ways of environment management and governance. In Venezuela and Brazil, significant progress has already been made transforming a fire suppression policy into the development of new national integrated fire management plans including formal agreements between communities and governmental institutions, and proposals for their incorporation into plans for adapting to the effects of climate change. At the 2016 Parupa workshop, the following declaration was co-developed by the sixty Indigenous, scientific, and institutional participants from Brazil, Venezuela, and Guyana:
We, members of the Participatory and Intercultural Fire Management Network, believe that Indigenous fire management must be integrated into the management of the territories in which Indigenous people live and make their livelihoods, using ancestral, traditional, and adaptive Indigenous fire knowledge supported by scientific/academic and institutional partners.
• Respect Indigenous knowledge and practices relating to the use of fire.
• Promote the empowerment of Indigenous communities and their active participation in decision-making, and allow communities more autonomy with respect to policies, including the leading of projects (or initiatives) for fire management.
• Encourage institutions to support national and international level funding for Indigenous fire management, for example to reduce deforestation and limit carbon emissions.
• Promote the use of visual modes of communication for raising awareness and reinforcing traditional fire practices. (Figure 1) . They belong to the Carib linguistic family. Pemón is a self-designated name that stands for "people"; it was used in first instance to distinguish them from neighboring Macuxi and Wapishana ethnic groups, with whom they coexist throughout intermarriages among them in some areas of Brazil [33, 34] . The populations range from 30,148 people (2011) in Venezuela, 751 inhabitants (2010) in Roraima, Brazil, and 475 inhabitants (1994) in Guyana [38] . Pemón people include three sub-groups: Arekuna, Kamarakoto, and Taurepang, located in the northwest, center, and southeast of the CNP, respectively. Most of the Pemón Indigenous attendees to the workshop belong to Arekuna sub-group. They also collaborated as hosts and organizers of the event. 2 Yekuana Indigenous people also belong to the Carib language family. The name of "Ye'kuana" refers to "canoe people" or "people of the branch in the river" due to the fact that they live along the middle Paragua and Caura rivers in Bolivar State, Venezuela (6523 inhabitants in 2001), and in Roraima on the Rio Avaris in Brazil (471 inhabitants in 2011) [37, 38] . 3 The Makushi are also people of Carib linguistic affiliation. They inhabit the headwaters of the Branco in Roraima (29,931 inhabitants in 2010) and Rupununi rivers (9500 inhabitants in 2001), territory currently shared between Brazil and Guyana [38, 89] . In Roraima, the Makushi and Wapishana formed the Indigenous Council of Roraima. The work of this organization is the demarcation of Indigenous lands in Roraima and to promote education, health, and self-sustainability of Indigenous communities. In the North Rupununi, the NRDDB Makushi organization was created with the objective to improve the well-being and quality of life of the North Rupununi communities through social and economic development and the consolidation of heritage, culture, traditional knowledge, and Indigenous rights [100]. 4 The Wapichan or Wapishana people belong to the Arawak language family. They live in the interfluvial region between the Branco and Rupununi rivers on the frontier between Brazil and Guyana. Wapishana is the only remaining Arawakan language in the region. Currently the Wapishana total population is around 13,000 people. They comprise the largest population of Arawak speakers in northern Amazonia . In Brazil, the Wapishana villages are located mostly in the State of Roraima, Brazil, northern and eastern Boa Vista, located in the Serra da Lua (Moon Ridge) region [38] . On the lower Uraricoera River, another affluent of the Branco, most of the villages contain a mixed population of Wapishana and Makushi. In Guyana, the Wapishana villages are located between the Tacutu, Rupununi, and Kwitaro rivers, bordering the Makushi territory in the Kanaku Mountains to the north [38] ( Figure 1 ). 5 Xingu Indigenous people represent fifteen tribes of four of Brazil's Indigenous language groups. They all are peoples living near the Xingu River in Brazil, and they share many cultural similarities despite their different ethnologies. Instituto Raoni (Raoni Institute) is the organizational face of the Kayapó, a Brazilian Indigenous group that is leading the fight against deforestation of the Amazon and demarcation and protection of ancestral lands and the Xingu River. Actually, Instituto Raoni is protecting over 2 million hectares of Indigenous lands, including areas of Amazon rainforest [101] .
